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(54) Recording method, recording apparatus, reproducing method and reproducing apparatus 
for optical disk 



(57) According to the present invention, an optical 
disk recording method for recording-data on an optical 
disk including a land and a groove by forming a mark 
representing the data on the optical disk by irradiating a 
light beam onto the optical disk is provided. In this 
method, conditions for irradiating the light beam are var- - 
ied depending upon whether a position at which the 
mark representing the data is formed on the land or on 
the groove so that a size of the mark formed on the land 
is equal to a size of the mark formed on the groove. 
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(54) Recording method, recording apparatus, reproducing method and reproducing apparatus for 
optical disk 



(57) According to the present invention, an optical 
disk recording method for recording data on an optical 
disk including a land and a groove by forming a mark 
representing the data on the optical disk by irradiating a 
light beam onto the optical disk is provided. In this 
method, conditions for irradiating the light beam are var- 
ied depending upon whether a position at which the mark 
representing the data is formed on the land or on the 
groove so that a size of the mark formed on the land is 
equal to a size of the mark formed on the groove. 
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Description, 

BACKGROUND OF THE INVENTION 

1 . Field of the invention: '"!' 



EP0 712 i19 A2 



.r 



The present invention relates to a recording method, a recording apparatus, a reproducing method.and a reproducing 
apparatus for an /optical disk. More particularly, the present invention 'relates to a recording method.'a recording appar 
ratus. a reproducing method and a reproducing apparatus for a rewritable optical/disk, 

2. Description of the Related Art: 



An optical disk has been known as a large-capacity recording medium. However, a currently used optical disj< no 
longer has a sufficiently large recording capacity for satisfying the recent requirements of further increasing the amount ', 

15 of the recordable data and realizing the recdrding.of even larger-capacity data such as a video signal. 

Guide grooves for guiding a light spot are generally provided for an optical disk. In a conventional optical disk, data 
is recorded on either one of the land (guide groove portion) or the groove (portion between the^ guide groove portions), , 
because it is technologically easier. However, in recent years, a high-density recording has become i more and more^ 
necessary. Reflecting such tendencies, a land/groove recording operation in which data is recorded iri both of the' land. 

20 and the groove has become an object of much attention. ■ .' " 

According to a conventional land/groove recording operation, the same recording method is used for recording data . 
on the land and the groove by assuming that the recording characteristics are the same on the land and on the groove. 
However, in fact, the land has different recording characteristics from those of the groove. In addition,,the same repro- 
ducing method is used for reproducing from the disk on which the data has been recorded. In other words, in recording 

25 and reproducing data onto/from the land and the groove, the same recording apparatus and/or the same reproducing 
apparatus or the recording apparatus and/or the reproducing apparatus having the same characteristics have been used. 

However, the conventional technologies mentioned above have the following problems. In actuality! iri record- 
ing/reproducing onto/from a land and a groove, a C/N ratio (a power ratio between carrier and noise), a recording sen- 
sitivity, frequency characteristics and the like become different from each other. In a conventional land/groove recording 

30 operation, data is recorded/reproduced onto/from a land and a groove by. completely the same method . In recording, 
data on the land and the groove having different C/N ratios by the same recording method, the. recording density is set 
equal to the lower recording density of the land having a smaller C/N ratio, for example. As a . result, unnecessarily large 
margin is generated in the recording density of the groove having a larger C/N ratio, and therefore; the recording density 
on the groove cannot be set to be maximum. Therefore, the recording 'density and the capacity of .the recordable.data . 

35 cannot be maximized on the disk as a whole. 

In addition, if the same recording method, e.g.. a method suitably applicable to the land, is used, for recording data 
onto the land and the groove having different recording sensitivities, then the data cannot be recorded on the groove 
under the optimal, conditions. As a result, a bit error rate, on, the groove is. adversely increased, and the data.cannot be 
recorded on the groove at a sufficiently high recording density. _ .. . . 

40 Furthermore, according to a conventional method, in performing a reproducing operation, an equalization (or a 
correction) of the frequency components, such as the emphasis of high frequency components, has-been performec- by 
utilizing the same frequency characteristics. However, the frequency characteristics of the signal, reproduced from the 
land are different from those of the signal reproduced, from the groove. Therefore, if the signal reproduced from the land 
is equalized with the signal reproduced from the.gropWby utilizing the same frequency ^characteristics, the frequency 

45 characteristics of the signal reproduced from the land cannot be suitably equalized with those of the signal reproduced, 
from the groove. '., ' 

SUMMARY OF THE INVENTION . _ r . 

so According to the present invention, an optical disk recording method for recording data on an optical disk including 
a land and a groove by forming a mark representing.the data on the optical disk by irradiating a light beam onto the 
optical disk is provided. In this method, conditions for irradiating the light beam are varied depending upon whether a 
position at which the mark representing the data is formed is located on the land or on the groove so that a size of the 
mark formed on the land is equal to a size of the mark formed on the groove. . 

55 In one embodiment, the light beam is irradiated at a different intensity depending upon whether the light beam, is 
irradiated onto the land or onto the groove. 

According to another aspect of the present invention, an optical disk recording apparatus for recording data on an 
optical disk including a land and a groove by forming a mark representing the data on the optical disk by irradiating a 
light beam onto the optical disk is provided. The optical disk recording apparatus includes a means for varying conditions 
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fa irradiating the light beam depending upon whether a position at which the mark representing the data is formed is 
located on the land or on the groove so that a size of the mark formed on the land is equal to a size of the mark formed 
on the groove. 

In one embodiment the optical disk recording apparatus includes a means for recordihgthedata by irradiating the 
s fight beam at a different intensity depending upon whether the light beam is irradiated onto the land or onto the groove. 

In another embodiment, an intensity of the light beam irradiated onto the land is higher than an intensity of the light 
beam irradiated onto the groove. , 

Iff stiit; another emb^iment, the optical disk recording apparatus includes: a means for generating land/groove 
position information ( showing [ Whether a spot of the' light beam is located on the land or on the groove; and a means for 
10 irradiating the light beam at a different intensity based on the land/groove position information. 

In still another embodiment, the optical disk recording apparatus includes: a data division means for dividing an 
input data into a first data and a second data: a first light beam generation means for recording the first data oh the land 
by irradiating a light beam having a first intensity onto the land; and a second light beam generation means for recording 
the second data on the groove by irradiating a light beam having a second intensity onto the groove. . « 

15 In still another embodiment, the optical disk includes a phase-changeable recording layer. 

In still another embodiment, the light beam is irradiated for a different time period depending upon whether the ligHt 
beam is irradiated onto the land or onto the groove. 

In still another embodiment, a time period during which the light beam is irradiated onto the land is longer than a 
time period during which the light beam is irradiated onto the groove. , 
20 In stffl ariother embodiment, the optical disk recording method includes a step of irradiating the jight beam n (where 
n is an integer equal to or larger than 2) times in order to form the mark. In this method, a timing for performing a first 
irradiation arid a timing for performing an n-th irradiation are varied depending upon whether the light beam is irradiated 
onto the land or onto the groove. 

In still another ^embodiment, the optical disk recording apparatus includes: a means for generating land/groove 
25 positioninfqrrriation showing whether a spot of the Ifght beam is located on the land or on the groove; and a means for 
irradiating the light beams n (where n is an integer equal to or larger than 2) times in order to form the mark and varying 
a timing for performing a first irradiation and a timing for performing an h-th irradiation depending upon whether me light 
beam is irradiated onto the land Or onto the groove. 

In still another embodiment, an interval between the first irradiation and the n-th irradiation for the land is longer 
so than an interval between the firsf irradiation and the'n-th irradiatioh fo . 

According to' still another aspect of the present invention, an optical disk recording method for recording data on an 
opticaldisk including a land and a groove by forming a rnark representing the data on the optical disk by irradiating a 
light beam onto the optical disk is provided. In this method, 'conditions' for recording the data are varied depending upon 
whether the light beam is irradiated onto the land or onto the groove. 
35 In one embodiment, the data is recorded at a different density depending upon whether the light beam is irradiated 
onto the land or onto the groove. 

In another embodiment, a density of the data recorded on the land is iower than a density of the data recorded on 
the groove. _ " ..,"',. " . ' .',!.„" , 

According to still another aspect of the present invention; an optical disk reproducing method for rebrbducihg data 
40 recorded on an optical disk including a land and a groove by irradiating a light beam onto the optical disk is provided. 
The method includes a step of combining data which are reproduced from the land and the groove and have different 
transfer rates in a case wnere a recording density of the data recorded on the land is different from a recording density 
of the data recorded on the groove depending upon whether the data is recorded On the land! or on the "groove. 

According to still another aspect of the present invention, an' optical disk reproducing method for reproducing data 
45 recorded qn an optical disk including a land arid a groove by irradiating a light beam onto the optical disk is provided. 
The method includes a step bf cdmbihing data which are reproduced from the land and the groove and have' different 
transfer rates in a case where a recording density of the data recorded on the land is lower than a recording density of 
the data recorded on the groove. 

In one embodiment, the optical disk recording method includes a step of recording the data by a different modulation 
so method depending upon whether the light beam is irradiated onto the land or onto the groove. 

In another embodiment, a density ratio Of the modulation method used for'recbrding the data on the land is lower 
than a density ratio of the modulation method used for recording the data on the groove. ' ''. 

According to still another aspect of the present invention, an optical disk reproducing method for reproducing data 
recorded bh an optical disk including a land and a groove by irradiating a light beam onto the optical disk is provided. 
55 The method includes a step of demodulating the data by a different method depending upon whether the data is repro- 
duced from the land or from the groove in a case where a different modulation method is used depending upon whether 
the data is recorded on the land or on the groove. 

According to still another aspect of the present invention, an optical disk reproducing method for reproducing data 
recorded on an optical disk inciuding a land and a groove by irradiating a light beam onto the optical disk is provided. 
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The method includes a step'of demodulating the data by a different method depending upon whether. the data is repro- 
duced from the land or from the groove in a case where a density ratio of the modulation method used for the iand is 

lower than a density ratio of the modulation method used for the groove. .... „ . . 

According to still another, aspect of the present invention, an optica! dis^'reproducing method for reproducing data 
5 recorded on an optical disk including a land and a groove by irradiating a light beam onto the optical disk is provided. 
The method includes a step of , equalizing the reproduced data us>ng different frequency ctiaracteristicsdepending upon 
whether the data is recorded on theland or on the groove. , , ., 

According to still another aspect of the present invention, an optical disk reproducing apparatus for reproducing data 
recorded on an optical disk including a land .and a groove by irradiating a light beam onto the optical disk is provided. 
10 The apparatus includes a means of equalizing the reproduced data using different frequency characteristics depending 
upon whether the data is recorded on the land or on the groove. 

In one embodiment,, high frequency components of the data reproduced from the land are amplified by a larger gain 
than a gain used for amplifying high frequency components of the data reproduced from the groove. , . . , . 
Thus, the invention described herein makes possible the advantage of providing a recording method, a recording 
15 apparatus, a reproducing method and a reproducing apparatus for an optical disk in which the recording capacity of the 
optical disk can be increased, the transfer rate can be improved, and the quality of the reproduced signal can be improved 
by performing the recording and reproducing operations in accordance with recording sensitivities, C/N ratios and fre- 
quency characteristics of the land and the groove. .. . ; > 

This and other advantages of the present invention will become apparent to those skilled in the art upon reading 
so and understanding the following detailed description with reference to the accompanying figures. . . 

BRIEF DESCRIPTION OFTHE DRAWINGS ■ 

Figure 1 A shows the relationship between a position on an optical disk and an intensity of a laser beam in a method 
25 for recording on an optical disk according to a first example of the present invention 

Figure 1 B shows the waveform of the pulse used for recording data on a land and the waveform of trie pulse used 
for recording data on a groove in a method for recording on an optical disk according to a first example of the present 
invention. . . . .. . . . , . . . 

30 ...... . , . 

Figure 2 is a block diagram showing a configuration for an apparatus for recording on an optical disk according to 
the first example of the present invention. ? 

[figure .3 is a block diagram showing a configuration for the datadjyidershown.in. Figure 2. 

Figure 4 is a block diagram showing a configuration for an.apparatus for recording on an optical disk using an optical 
head fbr'irradiatihg.a single laserpearri."..^ . ' 

Figure 5 shows the waveform of the puisne used„for recording data on a land and the waveform of, the pulse used 
40 for recording data on a groove in a method for recording on an optical disk according to a second example of the 
present invention. . . . . 

Figure 6 is a block diagram showing a configuration for an apparatus for recording on an optical disk according to 
the second example of the present invention. 

45 

Figure 7 shows the waveform of the pulse for a land and the waveform. of the pulse for a groove in a method for 
recording on an optical disk according to a third example of the present invention. ..„,. 

Figure 8 is a block diagram showing a configuration for an apparatus.for recording on an optical disk according to 
so the third example of the present invention. ........ r : - 

Figure 9 schematically shows the division of the recording data and the conibination of the reproduced data in a 
method for recording and reproducing onto/from an optical disk according to a fourth example of the present inven- 
tion. • .,■...-! 
55 , . , 

Figure 10 is a block diagram showing a configuration for an apparatus for recording on an optical disk according to 
the fourth example of the present invention. . 
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Figure 1 1 is a block diagram showing a configuration for another apparatus for recording on an optical disk according 
to the fourth' example uf the present frWehtirin. T '' ' 

Figure 1 2 shows a modulation method applicable to thelarid arid the groove in a method for recording on an optical 
£ disk according to a frftn example ot the present invention. '* 

Figure 13 is a block diagram shewing a configuration for an appaiatus for recording on an optical disk according to 
the fifth example of the present invention. 

io Figure 1 4 is a block diagram showing a configuration for another apparatus for recording on an optical disk according 
to the fifth example of the present invention. 

Figure 1 5A is a graph showing the frequency/amplitude characteristics of the signai reproduced from a groove in a 
method for reproducing from an optical disk according to a sixth example of the present invention; 

is "" ' ■ ■' 

Figure 15B is a graph showing the frequency/ampiitude characteristics of the signal reproduced from a land in the 
method for reproducing from an optical disk according to the sixth example of the present invention; 

Figure 1 5C is a graph showing the frequency characteristics obtained by the equalization processing for the signal 
20 reproduced from a groove in the method tor i eproducing from an optical disk according to the sixth example of the 

present invention; 

Figure 1 5D is a graph showing the frequency characteristics obtained by the equalization processing for the signal 
reproduced from a land in the method for reproducing from an optical disk according to the sixth example of the 
25 present invention; and 

Figure 15E is a perspective view showing a partial cross section of an optical disk to be used in the method for 
reproducing from an optical disk according to the sixth example of the present invention. 

30 Figure 1 6 is a block diagram showing a configuration for an apparatus for reproducing from an optical disk according 
to the sixth example of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 In a recording method, a recording 'apparatus! a reproducing method and a reproducing apparatus for an optical 
disk according to the present invention, the recording and reproducing operations are performed by using different laser 
powers, recording compensations, recording densities, modulation methods and frequency characteristics depending 
upon whether the recording or the reproduction is performed for a land of the optical disk or a groove thereof. 

Hereinafter, the present invention will be described in detail by way of illustrative examples with reference to the 
•to accompanying drawings, in the drawings, trie same 5 i eference numerals denote the same comportents throughout the 
following examples. '" '•■ /' 

In this specification, a "recording apparatus" includes a recording apparatus including a section for reproducing 
data. Similarly, a "reproducing apparatus" includes a reproducing apparatus including a section for recording data. 

45 Example 1 

Figure 1 A shows the relationship between a position on an optical disk and an intensity of a laser beam in a method 
for recording on an optical disk according to a first example of the present invention. An optical disk 1 1 is a disk-shaped 
recording medium. On at least one surface of the optical disk 1 1 , lands 1 2 and grooves 1 3 for recording data thereon 

so are provided. The optical disk 11 includes: a substrate 15 containing polycarbonate; a reflective layer 16 containing 
aluminum; and a recording layer 1 7 containing an alloy of germanium, tellurium and antimony. Throughout the following 
examples, this optical disk 1 1 will be used. The lands 1 2 and the grooves 1 3 are formed in a spiral shape on the surface 
of the optica! disk 1 1 . and digital data is recorded on the lands 1 2 and the grooves 1 3. Hereinafter, the operation for 
recording data on both of the lands 12 and the grooves 13 will be called a "land/groove recording operation", for simpli- 

£5 fication. The optical disk 11 is an optical disk for which the land/groove recording operation can be performed. When 
data is recorded, reproduced and erased onto/from the optical disk 1 1 . a laser beam 14 is irradiated from a laser diode 
(not shown) onto the land 12 or the groove 13. 

The optical disk 1 1 is, for example, a phase-changeable optical disk. In such a case, an intense laser beam is 
irradiated onto the disk for a short period of time for recording data on the disk. Upon the laser beam irradiation, the 
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portion of the disk' irradiated with the intense laser beam.' or the spot "'of the laise'r beam, is heated to a temperature equal 
to or higher than the melting point of the material of the disk _1 1 . and thenrapidly'c^led. so' that the phase of the irradiated 
portion'is turned into amorphous. This amorphous portion is recorded on the disk along a land or a groove as a "mark". 
In order to erase this mark/ the mark isrequired to be heated to a crystallization temperature thereof or higher,' and 

5 gradually cooled down over a long period of time. As a result, since the phase of the mark is turned into crystalline again, 
the mark can be erased.' In reproducing' data from the disk, less intense laser beam thaii that used in recording data 
thereon is irradiated onto the disk 1 V. Since the amorphous phase (corresponding to the mark portion) and trie crystalline 
phase (corresponding to the non-mark portion) have different reflectances, it is possible to distinguish whether or not ' 
the irradiated portion is the mark based on the intensity of the reflected light. - : ■ v - 

io in this specification, a portion of the disk which projects to the light incoming side will be called a "groove", while a 
portion of the disk which projects to the opposite side to the light incoming side will be called a "land". In the optical disk 
1 1 having a structure shown in Figure 1 A. when the land 1 2 and the groove 1 3 have the same width, the groove 13 has 
a higher recording sensitivity than that of the iand 1 2 because of the difference in the radiation conditions and the like. 
The "recording sensitivity" is determined by the recording laser power and the erasure laser power necessary for obtain- 

15 ing a C/N ratio of 50 dB and an erasability of 25 dB during the recording7reprcducing operations (hereinafter, these 
powers will be called "optimum recording power" and "optimum erasure power", respectively). Therefore, the smaller 
the optimum recording power and the optimum erasure power are, the higher the recording sensitivity becomes. Under 
the condition where the phase-changeable optical disk is made of the above-described material; the land width WL arid ' 
the groove width WG are 0.74 urn; the track pitch TP is 1 .48 Jim; the depth D is A/6 (where x! is 680 nm); and the linear 

20 velocity of the spot of the laser beam along the peripheral direction is 6.0 m/s (this condition is used for the first to the 
sixth examples), the optimum recording power is 1 1 mW and the optimum erasure power is 5.5 mW on the land, while 
the optimum recording power is 10 mW and the optimum erasure power is 5.0 mW on the groove. In this case, since 
the groove 13 has a higher recording sensitivity than that of the land 12, data can be recorded on the groove 13 at a 
lower laser power man the laser power required for recording the data on the land 12. ".' 

25 In the first example, in performing the land/groove recording operation for the optical disk 1 1 , the laser power is set 

at different values in recording data on the land 12 and in recording the data on the groove 13 in accordance with the 
difference in the recording sensitivity between the land 12 and the groove 1 3. More specifically, as shown in Figure 1 A. 
the data is recorded on the land 12 at a laser power having a peak value PL and on the groove 13 at a laser power 
having a peak value PG. In this case, if the lengths of the marks to be formed on the land 12 and on the groove 13 are 

30 the same, then the width of the pulse for driving the laser diode is the same in both cases of recording the data on the 
land 12 and recording the data on the groove 1 3. Therefore, the data can be appropriately recorded on the land 12 and 
the groove 1 3, respectively. If the data is recorded on the groove 13 having a higher recording sensitivity at the laser 
power having a peak value PL. then the width and 'the l.ehgth of. the mark portion recorded" oh the groove 13 exceed 
desired values, so that the bit error rate is adversely increased during the reproducing operation. To the contrary, if the 

35 data is recorded on the land 12 having a lower recording sensitivity at the laser power having a peak value PG, then the 
width and the length of the mark portion recorded on the land 12 become smaller than the desired values; so that the ' 
bit error rate is also increased during the reproducing operation. ! ."*' ; ' 

Figure I B shows the waveform of the pulse used IbirTejblp^iirig'ddtk r ibn_ : 'fl "land and ^e wayefohti of the puise used 
for recording data on agrbove in a method for recording on ari.bptical disk according to the first example of the present* 

40 invention. The amplitude IL of the pulse for recording on a land is larger than the amplitude IG of the pulse for recording 
on a groove. ' ' • • - ' 3 ' '"-' ! ' : ' ' " " • ••■•'■• 

Figure 2 is a block diagram showing a configuration for an apparatus for recording on an optical disk according to ' 
the first example of the present invention. On a phase-changeable optical disk 11 for which the land/groove recording 
operation can be performed, digital data are recorded by performing a mark edge recording operation. The "mark edge 

45 recording operation" is a recording operation in which the dig'rtal data is represented by the position of the^edge of the 
mark portion which is recorded on the disk along the peripheral direction thereof. In the optical disk 1 1 ', the groove 1 3 
has a higher recording sensitivity than that of the land 12. A spindle motor 22 rotates the optical disk 11, whereby an 
optical head 23 for irradiating two light beams can trace the spiral land and groove; An optical head 23 irradiates one of 
the two light beams onto the land and the other light beam onto the groove, so that data can be simultaneously recorded 

so on the land and on the groove. A servo circuit 24 performs riot only the focusing of the laser beams emitted from the 
optical head 23 on the land and the groove, but also the tracking. 

A data divider 29 divides One input data stream into two output data strearhs and then outputs the data streams. 
More specifically, the data divider 29 divides the input data stream into a land data stream and a groove data stream so 
that the two output data streams have an equal transfer rate. The land data stream is supplied to a recording signal 

55 processor 27. and the groove data stream is supplied to a recording signal processor 28. In Figure 2. the input data 
stream is schematically represented by "A, B, C, D, E, P ; the land data stream by "A, Ci E"; and the groove data stream 
by "B. D. F". 

The recording signal processors 27 and 28 receive the land data stream and the groove data stream, respectively, 
and perform modulation and recording compensation therefor. As a modulation method, an eight to fourteen modulation 
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(EFM) is used, for example. The recording jCqmpensation is performed, for example, by .making: different timings for. .. 
generating a plurality of pulses (pr.by 'rnuW the land from those on : the groove. The. ; 

recording signal processor 27;Ou1puts a'jan&V^o^i^^nal corresponding to the land data stream to a laser -driver;.; ij 
25. while the recording^ghal ^!p'r6pessQr'28.pi|iiputs a groove recording-sfghal corresponding to the groove data strearn . 

5 to a laser driver 26. "' _ ". ' ... .... .... ... -, r ^ _. . .,, . .- • . . 

The laser drivers 25 and 26 modulate a sufficient amount of current .required for- emitting light from;the laser diode 
(not shown) of the optical head 23 in response to the input (and recording signal and groove recording signal, and then 
output the recording signals to the optical head 23. The ppticaj head 23 irradiates two laser beams: onto the optical disk 
1 1 in response to the amplified land recording signal and groove recording ,signal, thereby recording the land data stream 

w and the groove data stream on the optical disk 11. , 

Trie outputs of thejaser drivers 25. and 26 are set in view of the above-mentioned difference between the recording 
sensitivity of the land and that of the grobve-That is to say, the land recording signal has a higher power than that of the 
groove recording signal. More specifically, in the case of usingan optical disk 1 1 having the above-described parameters, 
the peak values PL and PG shown in Figure 1Aare 11 Mw and 10 mW, respectively. As shown in Figure IB, the pulse 

is for recording on a land and the pulse, for recording on a groove have different peak values for the current supplied thereto: 
In Figure 1 B, a plurality of pulses are Used for forming a single mark, but the number of thepulsesare not limited thereto. 
For example, a single mark can be formedbyja single pulse, ,. ...... . - , -. 

In. order, to compensate for the difference between the recording sensitivity of the land and that of the groove, the 
following relationship is preferably satisfied: .. 

20 _ ' '. .. ... .. .. . ... ■ . . .... 

(optimum recording power for land) : (optimum recording power for groove) = (peak value PL) : (peak value PG) 

In the first example, as conditions for irradiating the light beam, the intensity, of the laser beam is varied based 
on whether a position of laser beam spot is located on the land or on the groove.. , - . : .. 

25 As described above, in the first example, the land/groove recording operation is performed so that the laser power 
is set at different values in recording data on a land ancjin recording data on a groove in accordance with the difference 
in the recording sensitivity between the land and the groove. Therefore, the data can,be recorded on the land and the , 
groove having respectively different recording i sensitivitjes'at appropriate laser powers. Asa result, the bit error ratfi.can 
be advantageously reduced in reproducing data from an optical disk.' L;iT , . . . .■ ;},.._,,>'_. 

30 Figure 3 is a block diagram showing a configuration fpr the data .divider 29~shown in. Figure 2. A switch 33 alternately' 
outputs the data A, B, C, D, E and F of the input data stream *A,'b!, C, P, E, F" to buffer memories 3.1 and 32. ihthis 
case, the data A to F constituting the input dal^stream are data packets (laying an equal data length; jfie buffer memory. . 
31 receives trie data A, C and E. while the buffer memory 32 receives the data B, D and F. The frequency of a write 
clock WCK js twice of the frequency of .the read 'docks, RCkl and i R.6.K2, jRo^eyer,' the conf iguration .of the data divider , 

35 29 is not limited to that shown in Figure .3. For e^aipjaje* the input data sfr^arrucan be received not, by the two buffer^ 
memories but by a single buffer memory In the latter case, the switch for ojistfibutingthe output data is turned in accord-, 
ancewith'the address designated in the reading 'operation.'' \...' i;1 ,^J. v .. n ..v :i ; , , • .- ... , ; . - . 

As described above, the optical head 23 simuttaneousjy^^ land. and tjie groove by jC^^si;--: 

the two laser beams onto the land and the groove ~cf° tBp„oj3tjcaL!d!?k r l : 1. ^ternatively. the recording operation can be 

40 performed by irradiating a single las.er beam oqipthegptfcaids^ . . ; . 

Figure 4 is a block diagram showing a cbrif iguration for an apparatus for recording oh ah optical" disk using an optical 
head for irradiating a single laser beam, A laser power, controller 49 receives, .the. input data, stream and land/groove 
position inforrriatipn. output from the reprcducingrcircluii : 47,' and bu^WsJhe buffered input data stream to the recording 
signal prqceisspr 27 and a laser .power control signal to a laser driver 46. jhe" land/groove position information is infor- 

45 mation showing whether the optical head 43 is located Ofi a land or on ; a groove. The land/groove position information 
can be obtained, for example, from the. adclress data of 9 sector. That is to say, the reproducing circuit 47 simultaneously 
reads out the data of. each sector and the address data thereof! .Therefore, if a sector address is given, it is possible to 
identify whether.the sector is located on a land or oh a groove. The'laser' power control signal is supplied to the laser 
driver 46, thereby changing the power of the laser beam to be irradiated onto the optical disk 1 1 . Based on the land/groove 

so position information, the laser power controller 49' sets the laser power to be high when the optical head 43 is located 
on a land and sets the laser power to be low when the optical head 43 is located on a groove. As shown in Figure 4. in 
recording the data A. B and C. the optical head 43 is located on a land, so that the laser power becomes high. On the 
other hand, in recording the data D, E and F, the optical head 43 is located on a groove, so that the laser power becomes 
low. The information of the laser power to be used for the land and the groove is written, for example, on the pits in a 

55 lead-in area iocated on the inside of a track on the disk. 

The apparatus for recording on an optical disk having the configuration shown in Figure 4 includes a single recording 
signal processor and a single laser driver, and therefore, the size of the apparatus can be reduced. 
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Example 2 ~ " '' : ; ~ : •• 

Figure 5 shows the waveform of the pulse used for recording data on a land and the waveform of the pulse used 
for recording data on a groove in a method for recording on an optical disk according to a second example of the present 

5 invention. In the second example, the same opticaf disk 11 as that used in the first example is also used, that is to say, 
in the optical disk 11 of the'second example, the' tend 1 12 and the groove 13 have an equal widtri,-and. the recording 
sensitivity of the groove 13 is higher than the recor^ding sensitivity of the land 1 2. 

Therefore; in the case of performing a larid/groqve reqbrding operation for such an optical disk, the bit error rate 
during the reproducing operation can be reduced by perfprrriihg the recording compensation inyiGwof the difference 

w between the recording sensitivity of a land and that of a groove. More specifically, the width of the pulse for forming a 
mark is varied depending upon whether the mark is formed on a land or on a groove. As a result, an error is unlikely to. 
be caused at an edge position of the mark recorded on the land or the groove. As shown in Figure 5. a mark signal for 
recording a mark on a land and a mark.signal for recording a mark on a groove show the pulses having an equal peak 
value P. However, since the recording sensitivity of a land is lower than that of a groove, the laser power required for' 

15 forming a mark on a land is higher than the laker power required for forming the same mark oh a groove. Therefore, the 
leading edge of the pulse for recording a mark on a land is earlier than the leading edge of the pulse for recording a 
mark oh a groove by a time period tL, and' the trailing edge of the pulse for recording a markon a land is later than the 
trailing edge of the pulse for recording a mark on a groove by a time period tT.„ 

Figure 6 is a block diagram showing a configuration for ah apparatus for recording on an optical disk according to 

20 a second example of the present invention. On a phase-changeable optical disk 1 1 for which the land/groove recording 
operation can be performed, digital data are recorded by performing a mark edge recording operation, A data divider 
29 divides one input data stream into two output data streams, i.e., a land data stream and a groove data stream, and 
then outputs the two data streams as described in the first example. 

A recording signal processor 67 receives and modulates the land data stream and then outputs .a land recording 

25 signal corresponding to the land data stream to a recording compensator 65. A recording signal processor 68 receives 
and modulates the groove data stream and then outputs a groove recording signal corresponding to the groove data 
stream to a /recording compensator 66. As a modulation method, an EFM is used, for example. 

The recording compensators 65 and 66 receive the land recording signal and the groove recording signal, respecr 
tively, and compensate for the edge position of the mark to. be recorded. More specifically, the pulse widths of the record- 

30 ing signals are set so that the width of the pulse for recording a mark on^a lind haying a lower recording sensitivity 
(hereinafter, simply referred to as a "pulse for a land") is larger than the width of the pulse for recording a mark on a 
groove having a higher recording sensitivity (hereinafter, simply referred to as a "pulse for.a groove"). The pulse for a 
land and the puise for a groove have an equal amplitude (or the laser power). If a laser beam is irradiated onto a land 
and a groove at the same pulse width and the same pulse arrplitude, / the length' of the mark formed on the land having. 

35 a lower sensitivity becomes shorter than the length of the mark formed 'on/the groove having a higher sensitivity (this is 
called an "edge shift"). Therefore, by setting the width of the pu|se for a land fo be larger than the width of the pulse for 
a groove, the compensation can be performed, so that the [ edges of the marks to be recorded on the land and the groove 
arelo6at^atthesamepbsitiori(6rs6thatah -~ r ' ..' ~ 

The recording compensators 65 and 66 include the sarne function's as those of the laser drivers of thefirst example. 

40 The optical, head 23 irradiates two laser beams oritoihe optical disk $i in response to the compensated outputs from 
the recording compensators 65 and 66, thereby recording the land data stream a/id the groove data stream onto the 
optical disk 11. i ' ' / ' ' ' ' " '" " 

In the second .example,. as conditions for irradiating the light beam, the width of the pulse for recording (namely, the 
position of the leading edge and the trailing edge of the pulse for recording) is varied based on whether a position of* 

45 laser beam spot is located on the land or on the groove. By recording the data in the above-described manner, the mark 
can be recorded on a land and a groove without causing an edge shift. on the land and the groove even if the recording 
sensitivity of the land is different from that of the groove in the optical disk. ^ 

In the case of using an optical disk 11 having the parameters described in the first example, the respective values 
shown in Figure 5 are as follows: the time tL is 2 ns; the time tT is 2 ns; the width WL of the pulse for a land is 74 ns; 

so and the width WG of the pulse for a groove is 70 ns. • 

In the same way as in the first example, an optical head 43 for emitting a single laser beam can be used instead of 
the optical head 23 for emitting two laser beams in this example, fop. 

Example 3 

55 ' 

Figure 7 shows the waveform of the pulse for a land and the waveform of the pulse for a groove in a method for 
recording on an optical disk according to a third example of the present invention. In the second example, a single pulse 
for a land or a single pulse for a groove is used for recording a single mark as shown in Figure 5. In the third example, 
a plurality of pulses are used for recording a single mark. This pulse chain recording method is referred to as "multi- 
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pulse" method. A "single pulse" herein refers to a waveform beginning with the transition from a first level to a second 
level and terminating with the subsequent transition from the second level to the first level. For example, in Figure 5, a 
pulse for recording a single mark begins, with the transition from the L level to the H level and terminates with the sub- 
sequent transition from the H level to trie L level. 

c ir. Figure 7, an jnput data for recording a single mark is a singie pulse. The pulse for a land and trie pulse for a 

groove corresponding to the input data have a first pulse, an intermedlate puise and a last pulse, respectively The input 
data shown in Figure 7. i.e.. the pulse for a land and the pulse for a grppve are digital data haying, a value "0" or "1 ". The 
"first pulse" is the first pulse of a number n (n is equal to or larger than 2> of pulses, whi|e trie "last pulse" is the n-th 
pulse of a number n of pulses. When n is 2, it follows that the intermediate pulse is the same as the last pulse. In Figure 

10 7, three intermediate pulses exist between the first pulse and the last pulse. 

The first pulse has a leading edge delayed from the leading edge of the input data by ^'.predetermined delay time, 
and the iast pulse has a trailing edge preceded from the trailing edge of the input data by a predetermined preceding 
time, in Figure 7. the interval between the jeading 'edge of the input data and the center of the first pulse of the pulses 
for a iand is defined as a delay time a; trie interval between the leading edge of the input data and the center of the first 

is pulse of the pulses for a groove is defined as a delay time c; the interval between. the trailing edge of the input data and 
the center of the last pulse of the pulses for a land isdefined as a oreceding time b; and the interval between the trailing 
edge of the input data and the center of the last pulse of the pulses for a groove is defined as a preceding time d. If the 
recording sensitivity of a groove is higher than the recording sensitivity of a land, the pulses for a land and the pulses 
for a groove are required to be set so as to satisfy the relationships that (delay time a) < (delay time c) and that (preceding 

so time b) < (preceding time d). This is because, since a groove has a higher recording sensitivity than that of a land, the 
recording of the data on a land and a groove using pulses having the same waveform makes larger the width and the 
length of the mark recorded on the groove than those of the mark recorded on the iand. To the contrary, if the recording 
sensitivity of a land is higher than that of a groove, the pulses for a land and the pulses for a groove are required to be 
set so as to satisfy the relationships that (delay time c) < (delay time a) arid that (preceding time d) <,(preceding time b). 

25 Irradiation of a laser beam is substantially simultaneous with application of the pulse for recording. In this specifi- 
cation, a time interval between the irradiation by the first pulse and the irradiation by the last pufse isdefined to be equal 
to a time interval between the center of thefirsi pulse and the center of the last pulse. The "centW,pf,t(ie pulse" "isJocated 
on a center between the leading edge and the trailing edge of the pulse. As shown in Figure 7. tf)9.t^@j^en^aj''b^y$en 
the center of the first pulse and the center of the last pulse for recording on a land is longer th^ari the time intery^l.betwe'en 

30 the center of the first pulse and the center of the last puise for recording i on a groove, ''.,'.'."/'.';• • . "..' 

The intermediate pulses are repetitive pulses (or burst pulses),. The pulses havjhg 'tne same waveform and the same 
phase position are used for the' pulses for a land and the pulses for a groove.;. . . . .. . . .. . . ,„'.. .., , 

Figure 8 is a block diagram showing a configuration i for an apparatus for recording pn an op^ ojsk acc£idjhg to 
the third example of the present invention. The apparatus for recording on an optical disk shown in Figure 8 records, 

35 data on an optical disk in which the recording sensitivity; of. a; (and is different frorn that of a grqbve by using the pulses 
for a iand and the pulses for a groove shown in Figure \7Y' ' . \ , . ; , / - - , ^ . ' '.. '' _ 

An optical head 43 ana a servo circuit 44 have the same furi<^ons"as those of. the optical head 43 and the servo^ 
circuit 44 described with reference to Figure A'. A recording cpn^ 

then modulates the data. As a modulation metr^'jbV'peiioiMng a mark: edge reoording, an EFM is used for example, 

40 but is not limited thereto. A (1. /) modulation or a 12, 7) modulation can also be used. Based oh land/groove position 
information output from the reproducing circuit 47, the recprdihg cprhperisator 81 generates sim for a land or 

for a groove to those shown in Figure 7, and outputs the'pulses to a laser driver 82. The iand/groove position information 
may bo generated as described referring to Figure 4. The laser driver 82 receives the pulses for a land and the pulses 
for a groove, so as to output a power high enough' to drive th'e'laser dicxJe^not shown) pf the optical head 43. The laser 

45 driver 82 modulates the laser diode' using the recording power and tbe erasure power, thereby recording data on the disk 
In the case where the optimum' recording power for a land of the.opficai disk is.iO. rriW and the optimum recording 
power for a groove of the optical disk is 5 mW, if the delay times a and c are set to be 35 ris and 37 ns ..and the preceding 
times b and d are set to be 35 ns and 37 ns, respectively, a rhark having an equal length along ine peripheral direction 
of the disk can be formed on both of the land arid the groove. : "' , 

so In the third example, as conditions for irradiating the light beam, the timing for generating a plurality of pulses is, . 
varied based on whether a position of laser beam spot is located on the land or on the groove. In the apparatus for 
recording on an optical disk having the above^escribed configuration, even when the recording sensitivity of a land is 
different from that of a groove, a mark having the same shape can be recorded on the land and the groove by using a 
plurality of different pulses (or by multi-pulse) in recording data on the land and in recording data on the groove. As a. 

55 result, the quality of the reproduced signals, such as a bit error rate, an amount of margin in the servo control arid an 
amount of jitter, becomes the same on the land and on the groove. Therefore, since the data can be recorded on the 
land and the groove at the same recording density, the data can be recorded at a high densrty on the optical disk as a 
whole. 
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Example 4 ■ ' • ■■■■ >•?. ; : ,:s ■■ .- ;: ■ :-. ■ ■■• ■ ■: ..<-' ."• . •" 

Figure 9 schematically shows the division of the recording data and the eombiriation of the reproduced data in a 
method for recording/reproducing onto/frcm-ah optica! diskaccording to a fourth' exa.riple of the present invention: 

5 An optical disk 11 is a disk for which the land/groove recording operation can be performed as described in the first 

example, and has lands 12 and grooves 1 3.- A land 1 2 has a recording density d1 . This means that data having d1 bits 
can be recorded on a land 1 2 having a unit length: r A groove 1 3 has a recording density d2. This means that data having 
d2 bits can be recorded on a groove 13 having a unit length. c . . •* b 

The input' recording data stream 94 is divided into a land recording data stream 95 and a groove recording data 

io stream 96 at a ratio of (dl :d2). If (d1:d2) is assumed to be (1 :2) for simplification, then the recording data stream 94 is 
divided, for example, into a group of blocks A, C and E having a data length of 16 bits and the other group of biocks B, 
D and F having a data length Of 8 bits. The blocks A, C and E of the recording data stream 94 are subjected to variotis : 
processings. such as a modulation and a formatting, for recording the blocks on the groove; converted into the groove 
recording data stream 96 (consisting of the blocks A', C and E'); and then recorded on the groove i3 of the optical disk 

15 1 1 . On the other hand, the blocks B, D and F of the recording data stream 94 are subjected to similar processings for 
recording the blocks on the land; converted into the land recording data stream 95 (consisting of the blocks B'\ D' and 
F'); and then recorded on the land 12 of the optical disk 11. '•- 

The land recording data stream 95 and the groove recording data stream 96 are processed through respectively 
different signal paths. The land recording data stream 95 and the groove recording data stream 96 can be simultaneously 

so recorded on the land and the groove, respectively, by using two laser beams or can be alternately recorded on the land 
and on the groove by using a single laser beam. . , 

In Figure 9, the length of the block A' is the same as that of the block A, which indicates that the transfer rate Of the 
groove recording data stream 96 is the same as that of the recording data stream 94. On the other hand, the length of 
the block B* is twice of the length of the block B, which indicates that the transfer rate of the land recording data stream 

25 95 is one half of that of the recording data stream 94. In other words, the land recording data stream 95 is obtained by ' 
partially time-axis expanding the recording data stream 94. 

In the reproducing operation, a land reproduced data stream 97 (consisting of the' blocks B'. D' and F') reproduced 
from the land and a groove reproduced data «treahf 98 (consisting of the blocks A'. C* and E^) reproduced from the 
groove are processed through respectively different signal paths. The land recording data stream 95 and the groove 

30 recording data stream 96 can be simultaneously reproduced from the land and the groove, respectively, by using two 
laser beams or can be alternately reproduced from the land and the groove by using a single laser beam. To the contrary 
to the case of recording, the land reproduced data stream 97 is time-axis compressed and then combined with the 
groove reproduced data stream 98. In combining the land reproduced data stream 97 and the groove reproduced data' 
stream 98, various processings such as a demodulation and a deforrriatting are performed, and then reproduced data 

as 99 is output ••- -' - : •' "• ' ' ■•• - ■•---••..-.> ,•• ; ■• • - 

Figure 10' is a block diagram showing a configuration for ah apparatus for recording on ah optical disk according to 
the fourth' example of the present invention. The phase ; charigea6le optical diskii for which the land/groove recording ' 
operation can be performed includes the lands having a recordih'g density dl and the grooves having a recording density 
d2. A mark edge recording operation Is performed for the optical disk 11 . Tiie optical head 23 irradiates two laser beams 

40 described with reference to Figure 2 onto the lands and the grooves. . . ' ' 

A data divider 107 divides the' input recording data stream (consisting of the blocks A to F) into the land recording 
data stream (consisting of the blocks B. D and F) and the groove recording data stream (consisting of the blocks A. C 
and E), as described with reference to Figure 9: The data divider 107 divides the input recording data stream so that 
(the data length of a block of the land recording "data stream) : (the data length of a block Of the groove recording data 

45 stream) =d1:d2. Therefore, the transfer rate of the land recording data stream) : (the transfer rate of the groove recording 
data stream) = dt:d2. 

A recording signal processor 105 receives the lahd recording data stream and processes the data stream with 
modulation and recording compensation, thereby outputting a land recording signal to the optical head 23, while a record- 
ing signal processor 1 06 receives the groove recording data stream and processes the data stream with modulation 
so and recording compensation, thereby outputting a groove recording signal to the optical head 23. As a modulation 
method, an EFM is used. The recording compensation can be performed by making different the timings for generating 
a plurality of pulses (by multi-pulse) on a land from those on a groove, as described above. 

The apparatus for recording on an optical disk having the above-described configuration can record data so that 
the recording densities of a land and a groove become d1 and d2, respectively. As a result, the amount of the data which 
55 can be recorded can be increased on the optical disk as a whole. 

Figure 1 1 is a block diagram showing a configuration for an apparatus for recording on an optical disk according to 
the fourth example of the present invention. On the phase-changeable optical disk 1 1 , data is recorded on the land and 
the groove by the apparatus for recording on an optical disk shown in Figure 1 0 by a mark edge recording method. The 
recording density of the land is d1 and the recording density of the groove is d2. The optical head 23 irradiates two laser 
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beams onto the land and the groove, thereby outputting a land reproduced signal and a groove reproduced signal to a 
reproduced signal processor 115 and a reproduced signal processor 116, respectively. 

The reproduced signal processors ^ 15 and 116 receive the land reproduced signal; .and thagroove reproduced' 
signal and.gerjerate a land reproduced data and a groove reproduceddata, respectively, so as.to,output;the tiata-to.a 

s data combiner 117. More specifically, the reproduced signal, processors 115 and 116.prpcesSithe/eceived'signal:with^ 
amplification, equalization, digitization, and demodulation. Since the recording density on the-landjs different from the 
recording density on the groove, the transfer rate of the land reproduced data is different from that of the grooveirepro.-. 
duced data. For example, when the recording density on the land is.srhaljer than the recording density on the groove, 
i.e.. when dl < d2. the transfer rate of the land reproduced data is smaller than that of the groove reproduced data. 

10 The data combiner 117 receives, and combines the land reproduced data and the groove reproduced data having 
different transfer rates, thereby outputting a reproduced data constituting by a single data.sequence. The data combiner 
117 includes a buffer memory, for example, and sequentially writes the land reproduced data and the gropye reproduced 
data onto different regions in the buffer memory. In reading out the written data, the i land reproduced data and the groove 
reproduced data can be alternately output by alternately moving a pointer of the buffer memory between the two recording 

is regions. ,. ? . ,. - .. ; r 

By operating the apparatus for recording on an optical disk having-the above-described configuration in the. above- . 
described manner, the data recorded on a land and a groove at different recording densities can be reproduced.. 

In the.fourth example, as conditions for recording data, the recording density, is varied based on whether a position 
of laser beam spot is located on the land or on the groove. By using the-apparatus for recording on an optical disk and 

so the apparatus for. reproducing from an optical disk having , the above-described configuration, the data can be 
recorded/reproduced onto/from a land and a groove, respectively having different recording densities, at suitable record- 
ing densit'es therefor. As a result,. the quality of the signal; to be recorded and reproduced, such as a bit error rate, an 
amount of servo margin and an amount of jitter, can be equalized between the land and the groove. Consequently, as 
compared with the case of employing either the recording/reproducing characteristics {the. recording density in this 

25 example) for the land or those for the groove, data can be recorded and reproduced at a higher density onto/from the 
optical disk as a whole. 

Fven when the frequency characteristics during the recording and reproducing operations are different from each 
other on a land and a groove, the recording density, on the land is also different from that on the groove. Therefore. In 
such a case, the same effects can also be, attained. 

Example 5 -.-v.-, - ; ; .• 

Figure 1 2 shows a modulation method applicable to theland.and the groove in a method for recording on an optical 
disk according to aiifth example of the present inye.ntipn. The optical disk 1 1 is an optical disk, for which tho land/grccvo 

35 recordingoperationcanbeperfOTmed,indudingiands12andgrcoves13. In the optical disk 11 on which data is recorded 
on the lands and the grooves under the 1 same conditions, the G/N ratio of the signal reproduced f mm a groo/3 13 is 
higher than that of the signal reproduced from a iand ijt. This is caused by the difference between the recording sensitivity 
of a land arid that of a groove, and the difference tsestween the, reflectance of a land with respect to a laser be?.m and 
that of a groove. , For example, the C/N- ratio of Jhe signal reproduced. fron a 'and is 52 dB. while the C/N ratio of the. 

40 signal reproduced from a groove is 55 dB. 

In such an optical disk 11. the data is recorded/reproduced onto/from a land 12 by a (1. 7) run length limited (RLL) 
modulation (hereinafter, simply referred to as a "(I 7) modulation") having a low recording density ratio, while the data 
is recorded/reproduced onto/from a groove 13 by a (2, 7) modulation having ahigh recording density ratio. As a result, 
the data can be recorded on a land and a groove by different modulation methods suitable for the land and the groove, 

45 respectively. The "recording density ratio" herein means the number of the bits of the information included in the minimum 
inversion interval (hereinafter, such a ratio will be referred to as a "density ratio"). When the period of the data before 
the modulation is denoted by T, and the period of the data after, the modulation (referred to as "detection window width") 
is denoted by T^ then the period T. A: can be represented as fellows: 

so (1, 7) modulation: T w = 2T/3 

(2. 7) modulation: T, v = T/2 
The minimum inversion interval T mjn can be represented as: 

55 

(1, 7) modulation: T^ = 2T W 
(2. 7) modulation: T min = 3T W 
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Therefore .thederisity ratio can be' represented as: ' ■ : y " '* ""/ 

' ' ■ ' " :: ' 'V (1. 7)'mbdulation: Dr = T min /r = 4/3 = T.33 : ° "' ' 

5 . (2. 7) modulation: Dr = T min /T = 3/2 = 1.5 ' 

Figure 13 is a block diagram showing a configuration fof an apparatus for recording oh an optical disk according 
to the fifth example of the present invention. The optical disk 11 is a. phase-changeable .optical disk for. which the. 
land/groove recordingbperation can be performed. The optical disk 1 1 includes lands 12 and grooves 13 as shewn in" 

10 Figure 1 . The C/N ratio of the signal reproduced from a land 1 2 is lower than the C/N ratio of the signal reproduced from 
a groove 1 3. The data is recorded on the optical disk 1 1 by performing a' mark edge recording operation.. The optical . 
head 23 simultaneously irradiates two laser beams onto the land and the groove as described with reference to Figure 
2, thereby recording the data thereon. 

Similarly to the data divider 107 described with reference to Figure 1 0. a data divider 1 39 divides the input digital 

15 data (consisting of the blocks A to F) into the land recording data stream (consisting of the blocks B, D and F) and the 
groove recording data stream (consisting of the blocks A, C.and E), and then outputs the two data streams to modulators 
137 and 138. In this case, the blocks A, C and E have the same data length and the blocks B, D and F have the same 
data length. Also, (the data length of the block A) : (the data length of the block B) = 1.33:1.5 . The modulator 137 
receives the land recording data stream and then modulates the data stream by the (1. 7)' modulation method, while the 

20 modulator 138 receives the groove recording data stream and then modulates the data stream by trie (2. 7) modulation 
method. Since the ratio of the data length of the blocks input to the modulators 1 37 arid 1 38 is 1 .33:1 .5, the minimum ' 
inversion intervals are substantially equal in the two data subjected to the (1, 7) modulation and the (2, 7) modulation, 
respectively." ' . .. •. 

The recording signal processors 135 and 1 36 receive the outputs from the modulators 137 and 138. respectively. 

25 and then processes the data with a recording compensation, thereby outputting the data tb the optical head 23 as the 
land recording signai and the groove recording signal. The recording signal processors 1 35 £nd 136 perform a recording 
compensation for making different the generation timings of a plurality of pulses as described above, and then amplify 
the data by an amount required for driving the laser diode (not shown) of the optical head 23. In response to the signals 
output from the recording signal processors 135 and 136, the optical head 23 records the data on the land and the 

30 groove, respectively As a result; the (1. 7) 'modulated data is recorded. ori the land, and ihe (2, 7) modulated data is 
recorded on the groove. Therefore, it is possible to perform a recording operation so that the minimum inversion interval ' 
on the land is substantially equal to that on the groove and that the recording density on the land is different from that 
on the groove. . . . 

Figure 14 is a block diagram showing a configuration for an apparatus for reproducing from an optical disk according 

35 to the fifth example of the present invention. The optical disk 11. includes lands 12 and grooves 13 as shown in Figgre 
1 . The data is recorded on the optical cJisk 11 by' perforrftirig a mark edge recording operation.. The (1. 7) modulated 
data is recorded on the land, and the (2, 7) modulated data is recorded on the groove: The optical head 23 can simul- 
taneously reproduce the data from the land and' the groove by irradiatihg two laser beams "onto the land arid {he groove 
as described with reference to Figure 2. \ : " ' ' : 

40 The optical head 23 outputs the land reproduced signal and' the groove reproduced' signal to reproduced signal 
processors 145 and 146, respectively, in accordance with the data recorded on the land arid the groove. The reproduced 
signal processors 145 and 146 process the land reproduced signal and the groove reproduced signai, respectively, 
thereby outputting the digital data, i.e., the land reproduced data arid the groove reproduced data to demodulators 147 
and 148. More specifically, the reproduced signai processors 145 and 146 process the signal with amplification, equai- 

45 ization and digitization. 

The demodulators 147 and 1 48 receive and demodulates the (1 , 7) modulated land reproduced, signal and. the (Z, 
7) modulated groove reproduced signal, and then output the' demodulated data to a data combiner 149. The data.com 
biner 149 combines the demodulated land reproduced data with the derhodulated groove reproduced data so as to" 
output the combined data as a single data sequence.' ' 

so Based on the above-described operation, the data can be reproduced frorh the optical .disk in which the (1, 7) 
modulated data is recorded on the land and the (2. 7) modulated data is recorded on the groove. In the fifth example, 
when the C/N ratio of the signal reproduced from the land is different from the C/N ratio of thesignal reproduced from 
the groove, the data is recorded by using a modulation method in which the land and the groove have an equal minimum 
inversion interval and different detection window widths. As a result, the quality pf the recorded/reproduced signal can 

55 be equalized. 

Next, a case where the land has a low C/N ratio will be described. In such a case, the data is recorded on the land 
and the groove by a modulation method in which the land and the groove Have an equal minimum inversion interval and 
the detection window width on the land is larger than that on the groove. Even when a jitter at the same level is generated 
in reproducing the signal, the level of the jitter with respect to the detection window width is smaller on the land than on 
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the groove because the detection window width on the land is larger; than that on the groove. In this way, the lower C/N 
ratio on the land than the C/N ratio on the groove can be compensated for by changing the modulation method between 
the land and the groove. As a result, as compared with the case of.recording. and reproducing the data onto/from the 
land and the groove by the same modulation method, the data can be recorded/reproduced at a higher density onto/from 
5 the optical disk as a whole. 

In the fifth example, the modulation method as conditions for recording data, and demodulation method as conditions 
for reproducing data are varied based on whether, a position of laser beam spot is located on the land or on the groove. 
In the''^i^c>ii6$4p3le'i6pticar disk in which the C/N ratio on the land is 52 dB and the C/N ratio on the groove is 55 
dB, the (1, 7) modulation is preferably used for recording data on the land, and the (2, 7) modulation is preferably used 
io for recording data on the groove. 

Even when the land and the groove have different frequency characteristics, the same effects can be attained by 
applying the method and the apparatus of the fifth example. 

Example 6 < 

15 „ 

Figure 15A is a graph showing the frequency/amplitude characteristics of the signal reproduced from a groove and 
Figure 1 5B is a graph showing the frequency/amplitude characteristics of the signal reproduced from a land in a method 
for reproducing from an optical disk according to a sixth example of the present invention. Figure 1 5C is a graph showing 
the frequency characteristics obtained by the equalization processing for the signal reproduced from a groove and Figure 
so 1 5D is a graph showing the frequency characteristics obtained by the equalization processing for the signal reproduced 
from a land in the method for reproducing from an optical disk according to the sixth example of the present invention. 
Figure 1 5E is a perspective view showing a partial cross section of an optical diskto be used in the method for reproducing 
from an optical oisk according to the sixth example of the present invention. In Figures 1 5A to 1 5D, the abscissas indicate 
the frequency and the ordinates indicate the amplitude. 
25 The optical disk 1 1 is an optical disk for which the land/groove recording operation for recording data both on a land 
1 2 and a groove'1 3 can be pelnprrned. As shown in Figures 1 5A and 1 5B. the amplitude of the high frequency components 
of the signal reproduced from a ''land 12 is smaller than the amplitude of the high frequency components of the signal 
reproduced from a groove 13. In other words, the gain in the high barrels, higher on the groove than on the land. More 
specifically, the amplitude of the signal reproduced from the land i 2 at a.frequency of.,5 MHz is lower than the amplitude 
30 of the signal reproduced from the groove 13 by 3 d|B. Sfnce the size .ajnjd ! the shape , of a beam spot formed on a land 
becorriediff erent from those Of a beam spot formed oft a !gfQ.cye becagse trie beam spot is focused on a land in a,diff erent 
state from that of the beam spot focused on a groove^the edge of the wayeform of the signai reproduced from the^nd 
12 becomes blunt even when a mark of the same shdpe r is recorded on the' land 12 and the groove 13. . r , 
In the case of performing the land/groove ^recording operation for such an optical clisk.11 , the frequency character- 
as istics of the signal reproduced from a land are' different from those of the signal reproduced from a groove. |n yiew.of 
such a difference, an equalization processing is pen^prmed for the. repfoduc^.agnais./Fpr example, by performing.tbe 
emphasis of i^e r high frequency cpmppnerts^ 

1 5D, the equalization can be performed so that the reproduced signal's can Ijave desired frequency/amplitude.charac- 
tenstics. As a result the' bft error rate in the reproduced signals can be reduced. .. «.:'■=>. 

40 Figure 1 6 is a block diagram showing a configuration for an apparatus, for reproducing from an optical disk according 
to the sixth example of the present invention. As described with reference to. Figure 2, the pptjcal.head 23 reproduces 
the signals corresponding to the data' recorded fori a 'and [ and a groove," th^ the land reproduced ^ignal 

and the groove reproduced signal to the equalizers ."165 arid '1667 respectively As is apparent from the comparison 
between the frequency/amplitude characteristics of the land, reproduced, signaf ^ reproduced 
45 signai, the amplitude in the high band of the groove reproduced signal is larger than the amplitude in the high band of 
the groove reproduced signal because these two signals reproduced from a .land and a groove, on the optical disk 11 ; 
have different frequency characteristics as described &boVe. The land reproduced signai and the groove reproduced 
signal are'ampirf ied by the equalizers 1 65 arid 1 66, respectively, so as to obtain predeterrriined.fr equency chararteristjcs. 
Then the amplified signals are output to the reproduced signal processors "167 arid 1 68, respectively. In the high band, 
so the equalizer 165 has a higher gain than that of the equalizer 166. As a result, the differen.ce in the f requency/amplitude 
characteristics between the land reproduced signal arid the groove reproduced, signal is ^hcelled. The reproduced 
signal processors 1 67 and 1 68 receive the signals equalized by the equalizers 1 65 and 1 66, respectively, and convert . 
the signals into digital data so as to output the data to a data combiner 169. The data'combiner 169 has the. same 
function as that of the data combiner 117 shown in Figure '1 1, More specifically, the data combiner 1 69 multiplexes the 
5s input two digital data on the time axis, so as to output the multiplexed data as a single data sequence. 

In the sixth example, as conditions for reproducing data, frequency characteristics for reproducing data are varied 
based on whether a position of laser beam spot is located oh the land or on the grc<3ye-,^ecif ically/a's described above, 
by equalizing the signals reproduced from a land and a groove using the equalizers haying different, frequency charac- 
teristics, reproduced signals having desired frequency components, can be obtained. As a result, eyen'when the fre- 
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quency characteristics of the land reprod-.iced signal are different from tho^e of the'groove reproduced signal in an 
optical disk, the bit error rate can be reduced." v. r :> :, '; ; r;-9.i 

In the case of using an optical disk 1 1 having the parameters described in the first example, the difference between 
the frequency characteristics of the land reproduced signal and those of the grbcve reproduced signal can be cancelled 
s if the gain of the equalizer 1 65 is higher than the gain of the equalizer. 1 66 at a fr equency of 5 MHz by 3 dB. ■'■ 

The method of the sixth example is applicable to the reproduction of the.data recorded on an optical disk using the 
recording methods and apparatuses according to one of the first to fifth- examples, thereby further reducing the bit error 
rate. : \ . ■-. • .. • • 

In the first to sixth examples, a phase-changeable optical disk is employed as the optical disk.used in the present 
10 invention. Alternatively, the present invention is applicable to a magnetocptical disk 

In the first to sixth examples, the laser beam irradiation conditions and the recording conditions or the reproduction 
conditions are varied depending upon whether the data is recorded on a land or a groove. In order to realize such a 
recording operation, two laser beams can be used as described referring to Figure 2, or a single laser beam can be 
used as described referring to Figure 4. Alternatively, three or more laser beams can also be used for the recording' 
is operation. 

In the first to sixth examples, a disk-shaped optical disk is employed as an exemplary recording medium used in 
the present invention. However, any recording medium can be used so long as data can be recorded on a land and a 
groove. For example, a card-shaped optical recording medium or a tape-shaped optical recording medium can also be 
used. A laser diode is used as a device for irradiating a light beam. However, a light beam can also be irradiated by 
20 combining a light-emitting element for emitting a light beam having a constant intensity and an optical modulator in which 
the transfer rate is varied in accordance with the input data. - ' 

It is noted that data recorded on an optical disk by using a method and an apparatus according to any one of the 
first to third examples of the present invention can be reproduced by using a conventional method and a conventional 
apparatus. 

25 It is possible to combine the method described in the first to the sixth examples and to combine the apparatus 

described in the first to the sixth examples. For example, it is possible to combine the method and apparatus described 
in the first example in which different laser powers are used for a land and a groove, arid the method and apparatus 
described in the second and the third examples in which the width and the timing of the recording pulse are changed. 
As a result, it is possible to set the size of the mark fomied on a land or on a groove in the radial direction of the disk 
30 (this size will be called a "width" of the mark) and the size of the mark in the peripheral direction of the disk (this size 
will be called a "length" of the mark) at optimal values. That is to say. the variation in the laser power mainly contributes 
to the variation in the width of the mark, while the variations in the pulse width and the pulse timing mainly contribute to 
the variation in the length of the mark. 

According to the present invention, a laser beam is irradiated at a different laser power depending upon whether 
35 the data is recorded on a land or a groove, so that the bit error irate can be advantageously reduced. ' 

According to the present invention, a laser beam is irradiated at a different pulse width depending upon whether the 
data is recorded on a land or a groove, so that the edge shift can be reduced and the bit error rate can also be reduced. 

According to the present invention, a different recording compensation is performed depending upon whether the 
data is recorded on a land or a groove, so that the quality of the reproduced signals can be equalized and a high-density 
40 recording operation can be performed. 

According to the present invention, a recording operation is performed at a different recording density depending 
upon whether the data is recorded on a land or a groove, so that a high-density recording operation can be performed." 

According to the present invention, a recording operation is performed by a different modulation method depending 
upon whether the data is recorded on a land or a groove, so that a high-density recording operation can be performed. 
45 According to the present invention, the different frequency characteristics of the reproduced signals are equalized 
depending upon whether the data is reproduced from a land or a groove, so that the bit error rate can be reduced. 

Various other modifications will be apparent to and can be readily made by those skilled in the art without departing 
from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the claims appended hereto 
be limited to the description as set forth herein, but rather that the claims be broadly construed. 

SO - : ■ : ■ :-■ - - : v ' -• ■ .-. 

Claims 

1 . An Optical disk recording method for recording data on an optical disk including a land and a groove by forming a 
mark representing the data on the optical disk by irradiating a light beam onto the optical disk. 
55 wherein conditions for irradiating the light beam are varied depending upon whether a position at which the 

mark representing the data is formed is located on the land or on the groove so that a size of the mark formed on 
the land is equal to a size of the mark formed on the groove. ' ' > 
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2. An optica! disk recording method according; to claim 1, wherein the fight beam is irradiated at a different' intensity 
depending upon whether the light beam is irradiated onto the land or onto the groove. :• t 

3. An optica! disk recording method according to claim 2, wherein; an intensity of the light beam iirradiated onto the ; 
s land is higher than an intensity of the Sight beam irradiated onto the groove. ? *r - ■•• : z 

4. An optical disk recording apparatus for recording data on an optical disk including a land and a groove by forming 
a mark representing the data on the optical disk by irradiating a light beam onto the optical disk, 

wherein the optical disk recording apparatus comprises a means for varying conditions for irradiating the light 
10 beam depending upon whether a position at which the mark representing the data is formed is located on the land 
cr on the groove so that a size of the mark formed on the land is equal to a size of the mark formed on the groove. 

5. An optical disk recording apparatus according, to claim 4, comprising a means for recording the data by irradiating 
the light beam at a different intensity depending upon whether the light beam is irradiated onto the land or onto the 

is groove. 

6. An optical disk recording apparatus according to claim 5, wherein an intensity of the light beam irradiated onto trie 
land is higher than an intensity of the light beam irradiated onto the groove, 

20 7. An optical disk recording apparatus according to daim 4, comprising: 

a means for generating land/groove position information showing whether a spot of the light beam is. located 
on the land or on the groove; and . • : 

a means for irradiating the light beam at a different intensity based on the land/groove position information: 

25 8. An optical disk recording apparatus according. to daim 4. comprising: 

a data division means for dividing an input data into a f irst data and a second data; : 
afirst light beam generation means for recording the first data on the land by irradiating a light beam having 
a first intensity onto the land; and :•, f : ;.v; ^ ... -.<: ... , >■ -: . 

; a second light beam generatronjTieans for recording the second data on the groove by irradiating a light 
30 beam having a second intensity onto the groove. ■-< 

9. An optical disk recording apparatus according to claim. 7, wherein the optical disk comprises a phase-changeable 
recording layer. 

35 1 0. An optical disk recording method according to claim 1 , wherein the light beam is irradiated for a different time period 
depending upon whether the light beam-is irradiated onto the land ononto.the groove. 

11. An optical disk recording method according to claim 10, wherein atimepsriodducing which tha Sight beam is =r ( &- 
dieted onto the land is .longer than a tjroe.period during whichitheUght beam is irradiated onto the groove. 

40 ■-}■-■.:' 

12. An optical disk.recording method according to claim- 1. comprising a step of irradiating the !ight beam n (where n is 
an integer equal toor larger than 2) times in ordento form the mark, wherein a timing for performing afirst irradiation 
and a timing for: performing an n-th irradiatjon are varied depending upon whether the light beam is : rrediated onto 
the land or onto the groove. .. :- -f 

<5 .... .;.->.;.; , ; , .; h s '-r:, : .V-r:. ' : ■ '■■ :. V,. 

1 3. An optical djsk recording method according.to claim 12, wherein an interval between the first irradiation and the n- 
th irradiation for the land is longer than an interval b«Mween ttie.first irradiation and the n-th irracfiaticn for the groove. 

1 4. An optical disk recording apparatus according. to daim 4, comprising: 
so a means for generating land/groove position information showing whether a spot of the light beam is located 

on the land or on the groove; and 

a means for irradiating the light beams n (where n is an integer equal to or larger than 2) times in order to 
form the mark and varying a timing for performing a fi'st irradiation and a timing for performing an n-th irradiation 
depending upon whether the light beam is irradiated onto the land or onto the groove. 
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1 5. An optical disk recording apparatus according to claim 14, wherein an interval between the first irradiation and the 
n-th irradiation for the land is longer than an interval between thefirst irradiation and the n-th irradiation forthegroove. 
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16. An optical disk recording method for recording data on an optical disk including a land and a groove by forming a 
mark representing th e data on the optical disk by irradiating a light beam onto the optical disk, 

wherein conditions for recording the data are varied depending upon whether the light beam is irradiated 
onto the land or onto the groove. 

1 7. An optical disk recording method according to claim 1 6, wherein the data is recorded at a different density depending 
upon whether the light beam is irradiated onto the land or onto the groove. 

18. An optical disk recording method according to claim 1 7, wherein a density of the data recorded on the land is lower 
10 than a density of the data recorded on the groove. 

1 9. An optical disk reproducing method for reproducing data recorded on an optical disk including a land and a groove 
by irradiating a light beam onto the optical disk, comprising a step of combining data which are reproduced from 
the land and the groove arid have different transfer rates in a case where a recording density of the data recorded 
on the land is different from a recording density of the data recorded on the groove depending upon whether the 
data is recorded on the land or on the groove. 

20. An optical disk reproducing method for reproducing data recorded on an optical disk including a land and a groove 
by irradiating a light beam onto the optical disk, comprising a step of combining data which are reproduced from 
the land and the groove and have different transfer rates in a case where a recording density of the data recorded 
on the land is lower than a recording density of the data recorded on the groove. 

An optical disk recording method according to claim 16. comprising a step of recording the data by a different 
modulation method depending upon whether the light beam is irradiated onto the land or onto the groove. 

22. An optical disk recording method according to claim 21 . wherein a density ratio of the modulation method used for 
recording the data on the land is lower than a density ratio of the modulation method used for recording the data 
on the groove. 

30 23. An optical disk reproducing method for reproducing data recorded on an optical disk including a land and a groove 
by irradiating a light beam onto the optical disk, comprising a step of demodulating the data by a different method 
depending upon whether the data is reproduced from the land or from the groove in a case where a different mod- 
ulation method is used depending upon whether the data is recorded on the land or on the groove. 

24. An optical disk reproducing method for reproducing data recorded on an optical disk including a land and a groove 
by irradiating a light beam onto the optical disk, comprising a step of demodulating the data by a different method 
depending upon whether the data is reproduced from the land or from the "groove in a case where a density ratio of 
the modulation method used for the land is lower than a density ratio of the modulation method used for the groove. 

25. An optical disk reproducing method for reproducing data recorded on an optical disk including a land and a groove 
by irradiating a light beam onto the optical disk, comprising a step of equalizing the reproduced data using different 
frequency characteristics depending upon whether the data is lecorded on the land on on the groove. 

26. An optical disk reproducing method according to claim 25. wherein high frequency components of the data repro- 
duced from the land are amplified by a larger gain than a gain used for amplifying high frequency components of 
the data reproduced from the groove. , ' 

27. An optical disk reproducing apparatus for reproducing data recorded on an optical disk including a land and a groove 
by irradiating a light beam onto the optical disk, comprising a means of equalizing the reproduced data using different 
frequency characteristics depending upon whether the data is recorded on the land or on the groove. 

28. An optical disk reproducing apparatus according to claim 27. wherein high frequency components of the data repro- 
duced from the land are amplified by a larger gain than a gain used for amplifying high frequency components of 
the data reproduced from the groove. 
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